INTRODUCTION
Acute intestinal ischemia represents a broad spectrum of diseases with various clinical and pathological manifestations. The primary causes of insufficient blood flow to the intestine arc diverse and include thromboembolism, neoplasms, vasculitis, abdominal inflammatory conditions, trauma, chemotherapy, radiation and corrosive injury (Rha et aI., 2000). Despite of the advances in the pathophysiological, laboratory diagnosis and imaging techniques acute intestinal ischemiais still one of the major etiological causes of multiple organ failure (Schlichting et aI., 1995) . Ischemia induces continuous distrubance of hepatic microcirculation leading to liver dysfunction (Nakamura et al., 2001 ). Furthermore, it triggers the development of lung dysfunction (Ito et aI., 2003) . Ischemia is often associated with mortality rates more than 60% and thus it represents a major challenging clinical problem (Lock, 
2001).
Reviewing the literature re ,e1led that the intestinal mucosa in particular is one of the most sensitive tissues to ischemia and ischemia reperfusion injury in the human body (Ikeda et aI., 1998; Kalia et aI., 2001) . Although the histopathological alterations in the intestinal mucosa after ischemic injury have been extensively described (Puglisi et al., 1995; Takeyoshi et al., 1996; Ikeda et al., 1998 ) yet most of the previous models of ischemia were achieved by complete occlusion of the superior mesenteric artery which often resulted in shock and early death of the experimental animalshence rendering it rather difficult to examine the delayed morphological changes in the ischemic intestinal mucosa. Moreover. the intestinal segments distal to ischemia though clinically showed decreased contraction frequency. decreased relaxation responses and altered responses to norepinephrine 2001) yet the morphological changes in locations distal to ischemia were not properly investigated.
Recently, the role of modulators particularly nitric oxide has received special attention. It is hypothesized that nitric oxide might be involved in tissue protection and provide partial preservation of intestinal mucosa as the first line of defense following ischemia reperfusion (Kalia et al., 20ot) . Detection of nitric oxide could be achieved via the estimation of endothelial nitric oxide synthase (NOS) which is a member of a family of enzymes responsible for synthesis of nitric oxide from L arginine and molecular oxygen (Chan et al., 2002) .
Accordingly, it was the aim of the current work to illustrate the delayed morphological and morphometric changes following segmental ischemia and ischemia reperfusion produced by selective occlusion of terminal branches of superior mesenteric artery. Moreover an attempt of detection of nitric oxide production was achieved via the estimation of nitric oxide synthase. The changes in both the ischemic segment as well as the segment distal to it were investigated. Such a study might be beneficial in post-ischemic resection anastomosis procedures, or in surgical revascularization.
MATERIAL AND METHODS
Eighteen rabbits weighing 2000 -2500 grams were obtained from the Research Unit and Bilharzial Research Center of Faculty of Medicine, Ain Shamus University. All animals were fasted 18 hours before commencing the experiment but had free access to water. At the beginning of the experiment rabbits were divided into two groups, nine rabbits each. Animals were anaesthesized by intravenous injection of sodium pentobarbital (40 mg I kg). All surgical procedures were performed with the animals breathing spontaneously and under complete aseptic conditions. ( Fig. 1 • a, b, c, d).
Group I : Ischemia Reperfusion
Through a midline abdominal incision a single jejunal loop (10 ern) was delivered, all the terminal feeding branches of the superior mesenteric artery and their collaterals supplying the selected segment were occluded for 60 minutes with atraumaric vascular clamps, vessel occlusion was confirmed by loss ofpulsations. The jejunal segment was returned to the peritoneal cavity and periodically irrigated with saline. At the end of the ischemic period the clamps were removed to allow reperfusion, the abdominal cavity was closed using monofilament polypropylene Tissue Preparation:
On recovery from anesthesia, rabbits were allowed free access to water and soft diet to avoid abdominal over distention. Rabbits were sacrificed after 24 hours, the abdominal cavity was incised and the ischemic jejunal segment and the segment distal to it were resected. Specimens were immediately fixed in 10% formol saline and embedded in paraffin wax. Serial paraffin sections were cut at 51lm in thickness and stained with haernatoxylin and eosin and Wilder Sliver stain for reticular fibers. Other specimens 1 mm3 in thickness were fixed in 2.5% glutraldehyde in phosphate buffer and proceeded for scanning electron microscopic studies. The specimens were examined and photographed with Philips scanning electron microscope (XL 30).
Image Morphometry:
The villus height, thickness as well as. the height of the columnar epithelial cells (enterocytes) were measured using Lcica Qwin 500 Image Analyzer. Morphometric analysis was carried out on routine haernatoxylin and eosin stained slides.
The height of the villus was measured by drawing a line from the tip of the villus to the base. The villus thickness was determined by measuring the width of the villus at several points throughout its length. The height of enterocytes was measured from surface of the cell to base passing through the nucleus. The height of villus and thickness were measured on magnification (X50) while the height of enterocytes on magnification (X 400). The measurements were repeated on several villi in serial sections. The data were represented as mean ± standard deviation and were analyzed using student t-test, 14.460 (Table 3) . The enterocytes exhibited basal oval vesicular nuclei. At the surface, the epilhelial cells were covered with homogeneous striated brush border (Fig. 2) . Goblet cells were interposed at intervals between the columnar cells. They were rounded in shape with eccenteric nuclei (Fig. 3) . Silverstained sections showed that the core of villi contained fine. elongated and continuous network of reticular fibers along the entire core (Fig. 4) .
Scanning electron microscopic examination further revealed that the jejunum of rabbits of control groups was studded with villi; in some areas the villi were closely packed together. However, each villus had well-defined clear outlines and regular orientation (Fig. 5) . The surface of the villi wasformed by columnar epithelial cells.
The tips of the closely packed microvilli of the columnar cells gave a slightly pebbled appearance to the surface. The pebbled surface was broken occasionally by small pits representing the goblet cell orifices (Fig. 6 ). 8. 9 ). Occasionally. some of the amorphous material and the red blood cells passed into the intestinal lumen through the dissociated enterocytes ( Fig. 8) . Less frequently vacuolated areas were noticed in the core of the villi ( Fig. 9 ). Silver-stained sections revealed that the reticular fibers were partially disrupted and compressed along the sides of the villi ( Fig. 10) . Scanning electron microscopic studies clarified a variety of surface alterations.
48-
The villi were frequently fused together with ill-defined boundaries and irregular orientation. The apical parts of the villi were either irregular and manifested small knobs or were partially detached ( Fig. II) . The surface of villi showed marked sloughing of the epithelial cells and ill-defined microvilli with loss of the pebbled appearance. Goblet cells were rarely encountered (Fig. 12) . The ischemic jejunal segment showed few flattened irregular shaped areas without surface villi ( Fig. 11 ).
Immunohistochemical examination clarified that nitric oxide synthase .eaction in the endothelial cells within the core was weak as compared with the control group and occurred at interrupted wide intervals ( Fig. 13) .
B) Distal Segment:
Light microscopic examination of the jejunal segment distal to the ischemic segment revealed that the mean height of villi was 285.578 ± 90.343 showing non significant variation from the control group (P > 0.05) ( Table 1) . The mean thickness of villi was 47.332 ± 6.452 showing significant variation than the control (p < 0.001) ( Table 2) . On comparing the distal segment to the ischemic segment, it was clear that the height of villi in the distal segment was significantly higher than in ischemic segment (P < 0.05) ( Table 1) . The mean thickness of villi was significantly reduced compared with the ischemic segment (P < 0.01) ( Table 2) . Though the villi generally exhibited intact brush border, numerous goblet cells and regular arrangement of enterocytes, yet the height of emerocyres was 65.145 ± 8.782 showing significant decrease from the control (P < 0.001) ( Table 3) . On comparing with the ischemic segment the height of enterocytes in the distal segment showed significant increase (p < 0.001) ( Table 3 ). The core of the villi exhibited marked mononuclear cellular infiltration (Fig. 14) . Moreover, silver-stained sections clarified the presence of extensive network of thickened branching reticular fibers particularly in the basal parts of the villi ( Fig. 15 ).
Scanning electron microscopic examination revealed that jejunal segment distal to the ischemic segment was studded with villi with preserved outlines. However, numerous villi were irregularly oriented ( Fig. 16 ). The surface was pebbled with numerous microvilli and prominent goblet cells which often formed multiple aggregates ( Fig. 17) . Immunohistochemical examination clarified that nitric oxide synthase reaction was intensified. particularly in the endothelial cells in the apical parts of the villi (Fig. 18 ).
Group II : Continuous Ischemia A) Ischemic Segment:
Light microscopic examination of jejunum of rabbits of group II subjected to continuous ischemia showed marked exacerbation of the mucosal injury. Most of the villi were atrophied, denuded and altered in shape with loss of their finger-like appearance ( Fig. 19) . The mean height of the villi was 81.136 ± 38.216 showing significant decrease than the height of the villi of both the control (P < 0.001) and the group subjected to ischemia reperfusion (P < 0.001) ( Table I) . Regarding the mean thickness of the villi it was 40.66 ± 17.92 showing again significant decrease than the thickness of villi of both the control group (P < 0.001) and than the group subjected to ischemia reperfusion (P < 0.001) ( Table 2 ). The pattern of organization of cnterocytes was completely lost (Fig. 19) . The mean height of enterocytes was 54.16
showing significant decrease than the control (P < 0.001). However. on -50·
comparing with the group subjected to ischemia reperfusion, the height of enterocyres did not show significant variation (P > 0.05) (Table 3) .
Furthermore, numerous enterocytes were detached along the entire length of the villi. The detached cells had condensed or pyknotic nuclei (Figs. 19, 20) . Large areas manifested ulceration and mononuclear cellular infiltration (Fig. 21) . The villus stroma showed extensive hemorrhage and marked mononuclear cellular infiltration ( Figs. 19, 21) . Silver-stained sections clarified almost complete disruption of the reticular fibers as they appeared thin. short and fragmented (Fig. 22) .
Scanning electron microscopic examination further demonstrated that the villi were atrophied, irregularly oriented and the apex of the villi was completely distorted. The jejunum showed wide areas of ulceration with complete loss of the surface epithelium and microvilli ( Fig. 23) . Immunohistochemical studies showed that the nitric oxide synthase reaction in the endothelial cells was extremely weak and localized ( Fig. 24) .
B) Distal Segment:
Light microscopic examination of the jejunal segment distal to the segment subjected to continuous ischemia revealed that the villus structure was generally preserved apart from broadening and flattening of the apex of the villi (Fig. 25) . The mean height of the villi was 186.35 ± 74.53 manifesting significant decrease than the control (P < 0.01) ( Table 1) . The mean thickness of the villi was 88.74 ± 33.49 showing significant increase than the control (P <-0.01) ( Table 2) . On comparing with the ischemic segment, the height of the villi in the distal segment showed significant increase (P < 0.001) ( Table 1) . The mean thickness of the villi showed also significant increase (P < 0.001) ( Table 2) . Though the enterocytes were not detached but they exhibited few condensed nuclei (Fig. 25) . Moreover, the height of enterocytes was 68.60 ± 8.35 showing significant decrease than the control (P < 0.001) (Table 3) . However, on comparing with the ischemic segment the height of enterocytes was significantly higher (P < 0.(01) ( Table 3 ). The core of villi showed severe.
mononuclear cellular infiltration (Fig. 25) . Silver-stained sections revealed that the reticular fibers were densely arranged in the basal parts of the villi (Fig. 26) .
Scanning electron microscopic examination demonstrated that the jejunum was studded with closely packed villi and some villi showed detached apices. (Fig. 27 ).
The characteristic finding in the distal segment was the presence of filamentous mucous threads encroaching on the villi (Fig. 2R) . Immunohistochemical studies clarified that the nitric oxide synthase reaction was intense particularly in the endothelial cells in the apical parts of the villi (Fig. 29) . -74-
DISCUSSION
The present study revealed that the intestine subjected to segmental ischemia reperfusion or continuous ischemia was dramatically affected. Furthermore. it provided evidences that delayed morphological changes were not limited to the ischemic segments but involved distal segments as well.
The present work revealed that fol1owing ischemia rcperfusion the general ar- The intestinal segments distal to ischemia are of special clinical importance.
The morphological changes in such segments were not properly clarified. The present work illustrated that during ischemia reperfusion, the general architecture and the shape of villi in the distal segment were intact. The height of the villi did not exhibit significant variation from the control. On the other hand in continuous ischemia, the shape of the villi in the distal segments was also intact apart from slight broadening of the villus tips. The mean height of villi was significantly reduced.
Such discrepancy in the height of villi might indicate that in ischcmia-roperfusion the mucosal surface area is probably unaltered and preserved in distal segments.
However, it might be disturbed in continuous ischemia (Vatistas et al., 1998) . Morphometeric analysis comparing the height of villi in distal segments of both models of ischemia performed with height of villi in the ischemic segments showed that the height of villi in distal segments was always higher.
During ischcmia-reperfusion the mean thickness of villi in distal segments was significantly decreased than both the control and ischemic segments, while during continuous ischemia the mean thickness of villi in distal segments was significantly noticed in the present study might indicate that nitric oxide seems to be involved in bowel protection after ischemia. and could be of value in maintenance of the distal segments.
In conclusion. the present work clarified that persistent morphological and morphometric changes were encountered in the jejunal villi following ischemiareperfusion, These changes were more evident following continuous ischemia. The
-79 -distal segments manifested few alterations that should be considered during clinical management of ischemia or ischemia-rcperfusion,
SlJMMARY
The aim of the present work was to illustrate the delayed morphological and morphometeric changes following segmental ischemia and ischcrnia-reperfusion in the jejunal villi of rabbits. Moreover. the present work aimed to investigate the changes that are likely to occur in intestinal segments distal to ischemia. Rabbits were divided into two groups. In the first group the terminal blood vessels of the selected jejunal segments were occluded for sixty minutes with a vascular clamp followed by rcperfusion. In the second group the terminal blood vessels of the selected jejunal segments were continuously ligated with polygalactin, Both the ischemic and distal segments were excised aftcr 24 hours. Following ischemia-repcrfusion, the ischemic segment exhibited significant decrease in height and significant increase in thickness of the villi. The enrerocytcs were disorganized and significantly reduced in height. The core of villi contained mononuclear cellular infiltration. eosinophilic material. aggregation of red blood cells and disrupted fragmented reticular fibers. Moreover. nitric oxide synthase reactions were weak. Scanning electron microscopic examination revealed distorted partially detached apices, sloughing of the epithelial cells of the villi and ill-defined microvilli. Oil the other hand, segments distal to ischemic ones, revealed non significant variation in height and significant reduction in thickness of the villi as compared to the control group. However. on comparing with the ischemic segment, the height of the villi was significantly higher and the thickness was significantly reduced. The villi had intact brush border and regular arrangement of enterocytes, but their height was significantly reduced. The core of the villi manifested severe mononuclear cellular infiltration. thickened dense reticular fibers and strong nitric oxide synthase reactions. Scanning electron microscopic studies revealed irregular orientation of some villi. However, the surface epithelium was intact and exhibited numerous microvilli. Aggregations of goblet cells were commonly noticed.
Following continuous ischemia, the ischemic segment presented atrophied villi. The mean height and thickness of the villi were significantly reduced as compared to the control or to the group subjected to ischemia-reperfusion. The pattern of organization of cnterocytes was lost and the cells were significantly reduced in height. The enterocytes were detached along the entire length of the villi and the detached cells showed condensed and pyknotic nuclei. The core of the villi exhibited hemorrhage, mononuclear cellular infiltration, complete disruption of the reticular fibers and extremely weak localized nitric oxide synthase reactions. Scanning electron microscopic examination showed areas of ulceration with complete loss of surface epithelium and microvilli. Regarding the distal segment, the villi showed significant decrease in height and significant increase in thickness as compared to the control. On comparing with the ischemic segment. the height and thickness of the villi of distal segments were significantly increased. Though the entcrocytcs were not detached, they were significantly reduced in height and showed few condensed nuclei. The core exhibited marked mononuclear cellular infiltration, dense reticular fibers in the basal parts of the villi and strong nitric oxide synthase reactions. Scanning electron microscopic examination revealed characteristic filamentous mucus threads encroaching on the surface of the villi. It was concluded that persistent changes were noticed in jejunal villi following both models of ischemia. However. the changes were deleterious in continuous ischemia. Distal segments revealed slight alterations particularly in the core of the villi.
